Objective: To systematically assess the effects of exercise interventions on body composition and functional outcomes in older adults with sarcopenia. Methods: PubMed/Medline, Embase and Cochrane Library were searched from 2006 to 2017 for exercise randomised controlled trials and controlled clinical trials in adults 60 years and older with sarcopenia. Preferred Reporting Items for Systematic Review and Meta-Analysis protocol (PRISMA-P) and Physiotherapy Evidence Database (PEDro) scale assessed internal validity. Meta-analysis and sensitivity analysis were performed. Results: Searches retrieved 1512 titles. Thirty-two full texts were evaluated, and six trials were included. Methodological quality was 5.5 (0-10). Meta-analysis revealed that knee-extension strength (P ≤ 0.01), timed up and go (P < 0.0001), appendicular muscle mass (P = 0.04) and leg muscle mass (P = 0.04) significantly improved in response to exercise interventions. Conclusions: Exercise interventions significantly improved strength, balance and muscle mass. However, the number of trials was small and the training effect was inconsistent due to heterogeneity in exercise mode, duration and intensity. Lack of detailed description makes it impossible to reflect on the progressive resistance training approaches used. More research is needed to confirm these findings.
Introduction
Sarcopenia is a well-known geriatric syndrome and is recognised worldwide [1] . The European Working Group on Sarcopenia in Older People (EWGSOP) is one of several groups that has provided a working definition of sarcopenia as 'a syndrome characterised by progressive and generalised loss of skeletal muscle mass and strength with a risk of adverse outcomes such as physical disability, poor quality of life and death' [2; p.413], which occurs from approximately 40 years of age onwards [3] . This loss of muscle mass has been estimated at about 8% per 10 years until the age of 70 [3] . After reaching age 70, this loss increases to 15% every decade [3] . The loss can eventually cause a 50% decrease in muscle mass by the age of 80 years [4] . A systematic review by the EWGSOP on the prevalence of sarcopenia reported a prevalence of 1-29% in community-dwelling older people, with even higher estimated prevalence in long-term and acute care settings [5] . Scott et al. [6] reported a prevalence of sarcopenia of 37% in community-dwelling middle-aged adults. Sarcopenia has also been classified into three progressive phases: (i) presarcopenia, which is a decrease in muscle mass, but not in strength and function; (ii) sarcopenia which is characterised by a decrease in muscle mass and muscle strength or function; and (iii) severe sarcopenia with significantly decreased muscle mass, strength and function [2] .
Sarcopenia research has steadily increased over the past two decades [7] , and much of this research is about the health consequences associated with sarcopenia, which include frailty [8] , osteoporosis [9] , low health-related quality of life [9] , obesity [10] , dementia [11] and type 2 diabetes [12] , as well as heart failure, chronic obstructive pulmonary disease and renal failure [8] . Sarcopenia also predicts future mortality in middle-aged and older adults [9, 12] . One of the risk factors for sarcopenia is limited physical activity, which is common among older adults [13, 14] . To mitigate the risk of sarcopenia, different exercise interventions have been tested in healthy older people without diagnosed sarcopenia. Resistance training is a commonly used exercise intervention and has shown positive effects on both muscle strength and physical function [15] . Interventions to counteract physical inactivity among older adults are often part of government health strategies [16] . Most interventions are aimed at preventing or slowing agerelated loss of function and muscle prior to a diagnosis of sarcopenia. However, evidence around exercise interventions, specifically targeted to older adults with sarcopenia, is lacking.
Therefore, the aim of this review was to systematically assess the effects of exercise interventions on body composition, muscle strength and functional outcomes in older adults with sarcopenia.
Methods
Three different electronic databases, PubMed/Medline, Embase and Cochrane Library, were searched for eligible articles from 2006 to 25 March 2017. The following MeSH terms and keywords were used either singularly or in combination: sarcopenia, aged, elderly, older adults, physical therapy, exercise, training, muscle strength and muscle mass. The complete search strategy is shown in Appendix S1 (Supporting information). Articles were eligible for inclusion if they were: (i) a full-text article;
(ii) published in English or Dutch; (iii) published in a peer-reviewed journal; (iv) described as a controlled exercise-based intervention trial; and (v) conducted in people 60 years of age and older with sarcopenia. Sarcopenia was classified according to the EWGSOP definition. Studies in other patient groups were excluded. Studies with participant groups in which all participants had a specific comorbidity (e.g. all participants had obesity); studies without a control group; studies not conducted on human beings; studies where the objective was the evaluation of a diagnostic instrument; and case reports, abstracts, editorials, opinions and dissertations were also excluded. Studies published before 2006 were excluded because this review aimed to focus on the latest and newest insights, which are fully applicable to the current health-care system. The Preferred Reporting Items for Systematic Review and Meta-Analysis protocol (PRISMA-P) for systematic reviews was used as a guide to maximise the internal validity [17] .
Study selection
Review of articles to determine eligibility was carried out by two reviewers (LV and WH). When titles and abstracts implied that an article was potentially eligible for inclusion, a full-text report was reviewed. Additionally, reference tracking was performed on the included articles (flow diagram; Figure 1 ). Disagreements were resolved by consensus. [19] .
The overall quality of evidence was summarised using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system [20] . There are four levels in the GRADE system. It ranges from high-quality evidence (further research is very unlikely to change the estimate or effect) to very low-quality evidence (any estimate of effect is very uncertain). The quality of evidence is rated by downgrading the high-quality level if one of the following criteria is present: limitations in study design and/or execution; inconsistency of results; generalisability of population and outcomes; and the reported odds ratio/relative risk/ hazard ratio for comparison [19, 20] .
Data extraction
One reviewer (LV) extracted the data using a standard extraction form. Data extracted from the included articles include the following: (i) authors, publication year, setting and study participants; (ii) number of participants; (iii) study design; (iv) participants exercise group; (v) control group intervention; and (vi) outcome measures. If data were missing or additional information was required, multiple attempts were made to contact the corresponding authors, to obtain the required information. Data extraction was checked by the second author (WH). Data on the exercise intervention were extracted based on the Consensus on Exercise Reporting Template (CERT) [21] . For the original CERT checklist, see Appendix S3 (Supporting information).
Outcome measures
Two different types of outcome measure were assessed in this systematic review: functional outcome measures, such as grip strength and gait speed; and body composition outcome measures, such as muscle mass and body fat.
Statistical analysis
Descriptive statistics described the extracted data. Metaanalysis was carried out according to the I 2 statistic considering low heterogeneity when I 2 < 25%, moderate heterogeneity when I 2 AE 50% and high heterogeneity when
A fixed-effects model was used to estimate the pooled effects if I 2 < 50%, and a random-effects model was used when I 2 ≥ 50% [22] . Funnel plots of precision by logit event rate and the Begg-Mazumdar indicator were not performed because of low power where a small number of studies are included [23] . The Egger's test was also not performed due to the small number of studies included [24] .
Due to continuous outcome measures, standardised mean differences (SMDs) were calculated as this is more generalisable [25] . If this was not possible, a mean difference was calculated. If the mean difference was lacking, a comparison was made based on the outcome measurements after the intervention.
A sensitivity analysis was performed on the following outcomes: muscle strength, muscle mass and gait speed, to investigate the impact of age (<75 years vs >75 years) and study design (only RCTs) on the effect of exercise intervention in older adults with sarcopenia. To perform the sensitivity analysis, the primary meta-analysis was repeated, leaving out studies which did not specifically measure the specified factors. Analysis was only carried out when specified factors were measured in two or more studies.
A significance level of 5% was used for all statistical procedures. Analyses were carried out by LV and checked by WH using RevMan.
Results

Descriptive
The searches retrieved 1512 titles without duplicates. After screening titles and abstracts, 32 potential full texts were evaluated. A total of 26 studies were excluded, and six original studies were included in the review (Fig. 1 ) [26] [27] [28] [29] [30] [31] . The six included full-text studies, dating from 2011 to 2016, enrolled a total of 480 participants of both sexes with the mean age ranging between 67.1 AE 5.3 and 81.1 AE 3.7 years. In total, 154 participants received an exercise intervention. Ninety were women, 25 were men. Two articles did not specify the gender in the exercise group [27, 31] . Five of the six studies (83%) [26] [27] [28] [29] [30] were RCTs, and one study was a quasi-experimental intervention study (17%) [31] . The results of the data extraction are shown in Table 1 .
The total duration of the exercise training programs varied from three to six months, with a median of three months (IQR = 3). The number of exercise training sessions per week ranged from two to three, with a median of two times per week (IQR = 0.5), and the mean duration of the sessions was 46.5 minutes (SD = 23.4), ranging from 6 to 60 minutes. With regard to the type of resistance-type exercise training performed, four studies performed wholebody exercise training, including gait training, balance training and strength training. Maruya et al. [26] used an Older people with sarcopenia, aged ≥ 65 years active home-based exercise program, and Wei et al. [27] used whole-body vibration training (WBVT). The control groups consisted mostly of health education [29, 30] or maintaining usual daily activities [26] [27] [28] . All but one study performed group sessions [27] [28] [29] [30] , and the sixth study consisted of individual home exercises [26] . Four studies performed supervised group sessions [27, [29] [30] [31] , one study did not report the supervision [28] , and one study had unsupervised home exercises [26] . For a more detailed description of the used interventions, see Table 2 .
Methodological quality
Mean methodological quality of the included studies was 5.5 out of 10 (ranging from 0 to 10) on the PEDro scale, consisting of 11 criteria ( Table 3 ). The item randomisation, similar baseline and interpretability of the methodological quality assessment were fulfilled by most included studies. Allocation concealment and assessor blinding was fulfilled by ≥50% of the included studies ( Table 3 ). The inter-rater reliability score was 0.83, with Cohen's kappa indicating substantial agreement between the raters.
According to the GRADE system used to assess the quality of evidence, the six studies in this review provide very low-quality evidence that exercise interventions could be a potential strategy for reversing or slowing the sarcopenic process. The evidence was downgraded from high to very low quality because of limitations in study design, inconsistency among studies (i.e. heterogeneity ≥50% assessed by I 2 in muscle strength) and lack of generalisability.
Outcome measures
Functional outcome measures Functional outcome measurements were reported in all six studies [26] [27] [28] [29] [30] [31] . Muscle strength was measured in all studies; however, different strength measurements were used. Three studies [26, 29, 31] used grip strength, and five studies [26] [27] [28] [29] [30] used isometric knee-extension strength. Four studies [26, 27, 29, 30] also measured gait speed, and two studies [27, 29] reported the timed up and go (TUG). The pooled outcomes of the meta-analysis are shown in Figure 2 . SMDs and 95% confidence intervals (CIs) around these SMDs are reported in Table 4 .
Muscle strength. Muscle strength improved with exercise training in five of six studies. Bellomo et al. [28] reported a highly significant increase in bilateral isometric kneeextension strength in the experimental group and no significant changes in the control group. Kim et al. [30] reported a small but not significant improvement in kneeextension strength in the intervention group, whereas a statistically significant (P = 0.02) decrease in muscle strength was observed in their control group. Kim et al. [29] reported a non-significant improvement in handgrip strength and knee-extension strength in the intervention group. Maruya et al. [26] reported a statistically significant improvement in handgrip strength and knee-extension strength in the exercise group. Shahar et al. [31] showed a decrease in handgrip strength during their intervention. Wei et al. [27] reported a significant improvement of the knee-extension strength in the intervention group.
The meta-analysis showed that handgrip strength did not significantly differ (Z = 0.17, CI À2.36 to 2.80, P = 0.87) between the experimental groups and the control groups ( Figure 2 ). However, knee-extension strength (adjusted and not adjusted for weight) did significantly differ, in favour of the experimental group (Z = 2.52, CI 0.03 to 0.26, P = 0.01; Z = 2.81, CI 3.74 to 21.03, P = 0.005, respectively).
Functional outcomes. Kim et al. [30] reported a significant improvement of the gait speed in the exercise group. Maruya et al. [26] reported a non-statistically significant decrease in gait speed, whereas Wei et al. [27] reported a significant improvement of gait speed in their intervention groups. Both studies that measured TUG [27, 29] showed an improvement on this measurement in the exercise group.
Gait speed did not significantly improve, in the pooled meta-analysis, in the intervention groups, in comparison with the control groups (Z = 1.84, CI À0.01 to 0.24, P = 0.07) ( Figure 2 ). This is in contrast to the TUG, which showed a significant improvement (Z = 4.33, CI À2.43 to À0.91, P < 0.0001) in the meta-analysis, in comparison with the control groups ( Figure 2 ).
Body composition
Body composition was measured in four of six studies [26, [29] [30] [31] . Three studies [29] [30] [31] measured the effect of exercise training on muscle mass. Two studies also measured the effect of exercise training on body fat. In all four studies that measured body composition, a bioelectrical impedance analysis was used. Bellomo et al. [28] and Wei et al. [27] did not measure body composition. The pooled outcomes of the meta-analysis are shown in Figure 2 . SMDs and 95% CIs around these SMDs are reported in Table 4 .
Muscle mass A significant improvement in leg muscle mass and a nonsignificant improvement in muscle mass and appendicular muscle mass were reported in the exercise group of Kim et al. [30] . Kim et al. [29] reported a small decrease in overall muscle mass and appendicular muscle mass, but a slight increase in leg muscle mass in the intervention group. Shahar et al. [31] found a trend of improved muscle mass, but no significant changes (P > 0.05) in muscle mass after the 12-week intervention.
A pooled comparison showed that exercise therapy did not significantly improve whole-body muscle mass (Z = 1.49, CI À0.19 to 1.37, P = 0.14) (Figure 2 ). It did, however, significantly improve appendicular muscle mass and leg muscle At the beginning of each training session, the subject carried out a warming-up on a stationary bicycle, pedalling for 10 minutes at an intensity equal to 60% of HRmax, and performed stretching exercises for the muscles of the lower limbs. The subject performed a resistance training for lower limbs using two isoinertial exercises, leg press and leg extension mass (Z = 2.11, CI 0.03 to 0.87, P = 0.04; Z = 2.08, CI 0.02 to 0.68, P = 0.04, respectively).
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Body fat
Maruya et al. [26] reported non-significant decreases in percentage body fat in both the intervention and control groups. Shahar et al. [31] reported a significant (P < 0.05) decrease in percentage body fat in their intervention group. In comparison with the placebo groups, exercise therapy did not significantly improve percentage body fat (Z = 0.31, CI À9.19 to 6.69, P = 0.76) (Figure 2 ).
Sensitivity analysis
The sensitivity analysis of the effect of exercise interventions on knee-extension strength (not adjusted for weight) showed a significant improvement when only studies with a population with a mean age of ≥75 and when only RCT studies were included (Z = 2.51, CI 1.60 to 12.97, P = 0.01). Muscle mass as well as gait speed showed a tendency towards significance when only studies with a population with a mean age of ≥75 were included (Z = 1.80, CI À0.06 to 1.55, P = 0.07; Z = 1.74, CI À0.02 to 0.29, P = 0.08, respectively). Other outcomes of the sensitivity analysis remained non-significant.
Discussion
The effects of exercise interventions in older adults with sarcopenia were explored in this systematic review and meta-analysis. It appears that exercise interventions do significantly improve some, but not all, aspects of strength, functional outcomes and muscle mass. The studies were equivalent for the participants (older adults with sarcopenia) and most of the primary outcome measures (e.g. body composition, strength, gait speed), even though there was diversity between the studies in terms of the participants' age as well as type of exercise training (resistance exercise training, WBVT and home-based exercise).
The results of this systematic review are in line with those of another review published in 2014 [32] that reported that resistance training elicited muscle hypertrophy in very oldaged people, although the magnitude was very small [32] . They also reported that muscle strength improved in these very old-aged participants [32] . The results from the current systematic review imply that exercise training interventions in older adults with sarcopenia can be effective in improving muscle mass and function. However, more research is needed to confirm these preliminary findings, as the number of studies was small, with variable quality and heterogeneous methods.
The moderate effects found in this systematic review might be due to the relatively short duration of the interventions (12 weeks). While this may be long enough to elicit measurable changes in muscle function, it may not be long enough for hypertrophy or other changes in body composition to occur, particularly in older adults with sarcopenia. A randomised controlled trial conducted in 2015 reported that despite the interindividual variability in the adaptive response, all older participants improved in body composition and functional outcome measures after resistance exercise training [33] . However, the duration of the exercise training was an important factor. There were individuals who demonstrated little to no improvement after 12 weeks, but a substantial improvement after 24 weeks of training [33] . This systematic review identified five of six studies with an intervention of 12 weeks, which might have resulted in similar limited results. The moderate effects found might also be due to the relative lack of progressive overload in the exercise interventions. However, no definitive conclusions can be drawn from this due to the poor reporting of the interventions performed. The lack of detailed description makes it impossible to reflect on the progressive resistance training approaches used. Other limitations of the included articles include not using a dual-energy X-ray absorptiometry scan to measure body composition and shortcomings due to low statistical power observed in the trials.
A recently published study reported that exercise habits during middle age are associated with increased muscle strength and lower prevalence of sarcopenia in older age [34] . Exercise habits in middle age may be a protective factor against sarcopenia in older age [34] . The sensitivity analysis of the current review shows a tendency towards significance on both functional and body composition outcomes, when only studies with a population with a mean age of >75 were included. More long-term longitudinal studies are necessary to confirm an effective role of exercise interventions in preventing and reversing sarcopenia. In Table 3 : Methodological quality assessment addition, longer follow-up is needed to assess the long-term effects of exercise interventions on functional outcomes and body composition.
The aim of this review was to determine the effect of exercise interventions in older adults with sarcopenia; therefore, only exercise training interventions were included. Other Figure 2 : Forest plots: For each study, the area of the black square is proportional to study weight. The horizontal bar represents the 95% confidence interval (CI). Z-score: The standardised expression of a value in terms of its relative position in the full distribution of values.
published articles have also included nutrition interventions and/or supplement interventions within their exercise groups, as complex interventions are considered one of the mainstays of interventions for sarcopenia. However, a systematic review from the EWGSOP in 2014 reported that this evidence is also based on short-term studies and large clinical trials are still lacking [5] . Interventions that evaluated the combined effects of exercise and nutrition/supplementation have suggested a potential additive effect, but the existing evidence is inconsistent. Their overall message was that there are many gaps in the evidence and that further research is needed [35] .
A limitation of the current review is the different assessments of function and different training strategies that most likely explain the high heterogeneity of muscle strength and balance outcomes in the meta-analysis. This illustrates that despite the growing literature and the consensus of different associations, such as the EWGSOP, Asian Working Group for Sarcopenia and the National Institutes of Health, there is still ambiguity in the measurement and treatment of older adults with sarcopenia.
Due to the lack of published data in the articles, no mean standard deviations could be calculated. Attempts were undertaken to obtain the required information, such as standard deviation of the difference or correlation coefficients, but overall this information was lacking and could not be included in this systematic review. Although using a comparison of final measurements to perform a metaanalysis is an alternative method presented [24] , we must take into account that this might have a negative effect on the statistical power of the meta-analysis performed. More research with better statistical analysis descriptions is needed to conduct a meta-analysis based on mean differences. Also, a sensitivity analysis on exercise prescriptions would have been preferable, comparing interventions that are likely to improve muscle mass and strength and interventions that are focused on a general health benefit or improving cardiovascular function. However, due to the lack of description in the articles, this was not possible.
The very few RCTs conducted using exercise interventions in older adults who were identified with sarcopenia is another limitation. This may have been partly caused by the choice to specify the search from 2006 onwards. Also, the lack of consensus on the definition of sarcopenia, and the associated difficulty to include participants, may have held back larger RCTs from taking place, resulting in the low numbers of included studies.
The training effects from the included RCTs were inconsistent. This resulted in a low quality of evidence and emphasises that more homogeneous research is needed to confirm these preliminary results. Despite these limitations, the extensive search and the reasonable methodological quality strengthen the findings in this systematic review.
The burden of sarcopenia is extensive and it is still increasing with population ageing, thus prevention and effective interventions are important. Cost-effectiveness of interventions is also important. Currently, there are no cost-effective exercise intervention trials that focus on older adults with sarcopenia. However, in previous studies with different study populations, exercise interventions were shown to be more costeffective compared with dietary interventions [36] .
Conclusion
More research is needed to determine the effects of exercise interventions in adults who already have sarcopenia. Additional research is needed, specifically focused on the timing of exercise interventions, stage of sarcopenia and the progressive resistance training approaches. Also, researchers should report a detailed description of the interventions used, to enable the possibility to better reflect the used training load and the associated training effects. Although research on exercise interventions in older people with sarcopenia is advancing, many questions still remain.
